Background We have developed a novel application of adapted virtual reality (VR) technology, for the binocular treatment of amblyopia. We describe the use of the system in six children. Methods
Introduction
Occlusion therapy is a treatment modality that children often find unacceptable, and parents find difficult to implement. 1 The prolonged treatment time required for traditional occlusion therapy often means both motivation and compliance can wane leading to a significant failure rate. 2, 3 This led to the development of the Interactive Binocular Treatment (I-BiT TM ) system for amblyopia, a computer-based virtual reality (VR) treatment, which avoids occlusion of the nonamblyopic eye. 4 The aim of this case series was to examine the effectiveness of I-BiT TM in improving vision in the amblyopic eyes of six children.
Materials and method
The research I-BiT TM prototype system was set up in a separate clinic room and seven patients (four females and three males, ranging in age from 3 to 7 years) awaiting treatment participated in this tolarability study. All children found the format easy and enjoyable to use. All were able to successfully complete the games and watch the movie clips within the virtual environment. There were no side effects noted during or after I-BiT TM sessions. Both the children and their parents expressed interest and enjoyment in this new method of treatment, and those parents who had previous experience with patching stated they would prefer this treatment modality rather than occlusion therapy. After the demonstration session the child was asked a number of questions about what they thought about using the I-BiT system and the programmes/cartoons they saw and asked what else they would like to do using the system. The parents and children were asked about how long they thought children could use the system during a treatment session and how many times a week they would be prepared to attend. Overall patient and parental attitudes towards the use of the I-BiT system were positive and enthusiastic. Indeed many parents and patients welcomed a treatment option that did not include patching. This was because the child was averse to wearing a patch and parents found occlusion difficult to implement.
Children with residual amblyopia, in whom conventional treatment had failed or was refused, were invited to participate in this active treatment study after there was no further improvement in the vision with the glasses alone. Six consecutive patients, who agreed to attend the hospital for the trial, were enrolled and treated. Coincidentally, they were all males, female children showed an interest in the treatment but those asked were unable to attend the number of sessions required. Amblyopia was defined as an interocular difference of 0.2 log units or greater using the Keeler crowded LogMAR (Glasgow) acuity test. Local ethics committee approval for this study had been granted.
Together with the I-BiT TM system, specific software was designed to allow a VR environment to be viewed binocularly. This allows elements of the visual scene to be preferentially presented to one eye, while maintaining a binocular presentation of the whole virtual scene. A full description of the I-BiT TM system and how it is used is given in a related paper. 4 Children attended for one to two treatment sessions a week. Each session consisted of watching a video clip, presented to the amblyopic eye, on a 'virtual TV' within the I-BiT TM system, for 20 min. The video clip was presented preferentially to the amblyopic eye with the nonamblyopic eye fixating the TV surround. Specially developed VR games were then used with similar preferential binocular presentation. Each child then played one of the interactive games for several minutes.
Visual acuity was tested, using the Glasgow LogMar crowded acuity cards, before and after each session. As this was purely a pilot study of a new system, vision tests were not randomly selected to eliminate the learning effect. The vision assessments and treatments were conducted by a research orthoptist (PW). The children continued with treatment until visual acuity was stable and no further improvements occurred.
Results
Three patients had not had any previous treatment for their amblyopia, and three patients had failed to improve with conventional occlusion therapy. All patients were male, with a mean age of 6.25 (range 5.42-7.75 years). Patient characteristics and the results following treatment with the I-BiT TM system are shown in Table 1 . Pretreatment visual acuity in the amblyopic eye ranged from 6/12 to 6/120, all patients had at least 6/7.5 vision in their better eye. The entry level of vision for this pilot study was not specified, those with gross amblyopia were surprisingly able to watch the TV screen and play the game without suppressing the amblyopic eye. Posttreatment visions ranged from 6/7.5 to 6/30-2. Patients one, two, five, and six had parafoveal fixation, child three had wandering fixation and on child four there was no clear view of the fixation point. There was an overall mean improvement in LogMAR visual acuity of 10 letters (range À3 to 23, see Figure 1 ). In the five patients who responded to I-BiT TM treatment, there was a mean improvement of 13 letters (3.25 lines on Keeler LogMAR chart, see Figure 1 ). Visual acuity fluctuated in patient 1 during treatment between 6/9.5 and 6/19, with return of vision to pretreatment levels (6/15) at the 4-week follow-up. Overall, the vision first started to improve within an hour of treatment. No child experienced side effects either during or following treatment with the I-BiT TM system. Statistical analysis was not carried out due to the small number of patients involved in the pilot study. A power analysis was carried out and showed that, due to the changes in pre-and post-treatment visions, eight patients would be adequate for statistical analysis. However, using the method described by Stewart et al, 5 which enables the calculation of the proportion of change in vision from pre-to post-treatment, there was an overall mean improvement in vision of 42%.
Discussion
Amblyopia remains an important preventable cause of visual impairment. 6, 7 Previous attempts have been made to find alternative therapeutic modalities for amblyopia, [8] [9] [10] [11] but none of these have supplanted occlusion. However, noncompliance with occlusion therapy can be problematic and this is well documented. 2, 3 Our results have shown evidence of rapid improvements in the vision of five of the six children following only minimal treatment (4.4 h mean total treatment), possibly due to the dynamic nature of the I-BiT TM stimuli. However, the pattern of response appears to be different in each child. Poor presenting visual acuity would appear not to be a barrier to treatment with this system. This is a significant finding as older children, with dense amblyopia, are notoriously challenging to treat with traditional occlusion therapy and are frequently noncompliant. Follow-up in our series has now been up to 22 months. In two children, the vision has remained stable, in two children the vision has improved (one with the use of atropine) and in one the vision has reduced, but not to pretreatment level. Although this preliminary study involves very small numbers, we can demonstrate a positive response to this new treatment modality. The authors are aware that case study results may not generalise to the wider population and these early results must be treated cautiously. Further studies will include a trial of the response of children who have not previously received treatment, consisting of equal numbers of males and females; and assessment of older children in whom occlusion was unsuccessful. These trials will also have a different treatment clinician to the orthoptist assessing the visual acuity. Following on from these studies will be a placebocontrolled trial, as yet the discussion continues on what constitutes a placebo treatment. This is an exciting new development, which is fun and interactive for children. The VR-based I-BiT TM system, with further development, is a step towards a more ideal, rapid, acceptable, and binocular therapy for amblyopia. Further studies are needed to determine the contribution of our I-BiT TM system in the treatment of amblyopia. Figure 1 Acuity tested with Glasgow Acuity Cards: 0.0 equates to 6/6 and 1.0 equates to 6/60. Therefore, the upward trend towards 0.0 indicates an improvement in visual acuity.
